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Washington, D.C. 20231 
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Low-pressure mercury vapor discharge lamp 



The invention relates to a low-pressure mercury vapor discharge lamp 

comprising: 

a discharge vessel which is closed in a gastight manner and which encloses a 
discharge space, which discharge vessel has a wall of glass containing alkali ions with an 
inner surface; 

a filling, which comprises an inert gas and mercury, in the discharge vessel, 

and 

means for maintaining an electric discharge in the discharge vessel, 
the inner surface of the discharge vessel having a coating which counteracts transport of 
mercury from the filling to the wall of the discharge vessel and of alkali ions from the wall of 
the discharge vessel to the filling. 



Such a low-pressure mercury vapor discharge lamp is known from 

15 US-A-5,753,999. 

To preserve the efficiency of the low-pressure mercury vapor discharge lamp, 
it is important that the extraction of mercury from the filling of the lamp is counteracted. 
Without special measures, mercury ions can be absorbed in the wall of the discharge vessel 
where they can be reduced to metallic mercury. The resultant blackening blocks radiation 

20 generated by the lamp, thereby reducing the efficiency of the lamp. In addition, the mercury 
pressure in the lamp decreases, which also adversely affects the efficiency. Also migration of 
alkali ions from the wall to the filling leads to a reduction of the efficiency of the lamp since 
amalgam is formed and the mercury pressure decreases. The decreasing mercury pressure 
also leads to a reduction of the service life of the lamp. 

25 For reasons relating to the cost price of the lamp and protection of the 

environment, preferably, the consequences of the extraction of mercury from the discharge 
are not counteracted by providing the lamp with an excess of mercury. 

In the known lamp, a layer of Si02 is applied directly to the wall of the 
discharge vessel, which layer counteracts the migration of alkali ions. At the surface of said 



PHN 17.778 



2 05.10.2000 
layer facing the discharge space, the lamp is provided with a powder coating of an oxide, 
such as yttrium oxide. This layer impedes the transport of mercury to the wall of the 
discharge vessel. To this end, the powder of the layer must have a grain size below 1 \xm. 

It is a drawback of the known lamp that, in order to counteract interaction of 
5 mercury from the filling with the wall and with components from the wall of the discharge 
vessel, a coating consisting of two layers must be provided on the wall. This makes the 
manufacture of the lamp more difficult. 

10 It is an object of the invention to provide a low-pressure mercury vapor 

discharge lamp of the type described in the opening paragraph, wherein, despite the simple 
structure of the lamp, the loss of mercury from the filUng due to interaction with the wall and 
with constituents thereof is effectively counteracted. 

In accordance with the invention, this object is achieved in that the inner 

15 surface is coated with a film which comprises at least a compound selected from the group 
formed by trifluorides and oxyfluorides of an at most trivalent element selected from 
lanthanides, lanthanum, scandium and yttrium. 

The film effectively counteracts the transport of both mercury ions to the wall 
and alkali ions to the filling. As a result, an important cause of the decrease in efficiency of 

20 the lamp with increasing burning hours is counteracted. The fact is that the trifluorides and 
oxyfluorides of the above-mentioned trivalent metals are not ion conducting. Cerium and 
terbium, which belong to the lanthanides, which include elements having atomic number 58 
through 71, are not only trivalent but also tetravalent. In order to exclude the presence of 
tetravalent cerium and terbium compounds, which are ion conducting, the use of cerium and 

25 terbium is excluded. 

The film can be readily provided by applying a solution of a 
fluorine-containing compound, or of a fluorine and oxygen-containing compound, of the 
selected metal to the inner surface of the wall of the discharge vessel, removing the solvent 
and heating the compound to decompose it into the trifluoride and/or oxyfluoride of the 

30 metal. For this purpose, it is favorable to use low-molecular organic acid residues, such as 
trifluoroacetate. 

In a special embodiment of the lamp in accordance with the invention, the wall 
is provided, on a side of the film facing the discharge space, with a coating comprising a 
luminescent material. This film has the advantage that it is resistant to water and anionic 
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surface-active substances, so that the luminescent material can be provided as an aqueous 
suspension. Customary volatile organic dispersion agents, such as butylacetate, can thus be 
avoided. 

It is favorable if the film comprises yttrium fluoride and/or 
5 yttrium oxyfluoride. Yttrium is cheaper than most lanthanides and it has already been used in 
low-pressure mercury vapor discharge lamps as a mercury barrier and, doped with europium 
as a luminescent material. 

For the luminescent material, the lamp may comprise a substance which emits 
radiation in a wide band of the visible spectrum. On the other hand, two or more substances, 
10 mixed or not, may be present which each emit in a different yet complementary part of the 
visible spectrum, for example in the red and the green part, or in the red, the green and the 
blue part. UV radiation generated by the discharge is converted by the materials to visible 
radiation. The film on the inner surface of the wall of the discharge vessel does not have this 
effect. 

15 The means for maintaining an electric discharge may consist of an electrode 

pair in the discharge vessel. They may alternatively consist of an electrode in the discharge 
vessel and an electrode on the outside, near the discharge vessel or in contact with the 
discharge vessel. On the other hand, these means may comprise an electric coil, which is 
situated outside the discharge space, for example in a recessed portion of the discharge 

20 vessel, so that the discharge surrounds the coil. 

The discharge vessel may have various shapes and dimensions. For example, 
the discharge vessel may be a linear tube or a curved tube. It may be composed of various 
straight tubular portions, which are connected in series. On the other hand, the discharge 
vessel may be, for example, spherical or oval or pear-shaped. 

25 The lamp can suitably be exposed to high loads, for example 500 W/m^ or 

higher. 

The drawing shows a side view, partly cut away, of an embodiment of the 
30 low-pressure mercury vapor discharge lamp in accordance with the invention. 

In the drawing, the low-pressure mercury vapor discharge lamp comprises a 
gastight discharge vessel 1 which encloses a discharge space 2 and which includes a wall 3 of 



PHN 17.778 



4 05.10.2000 
glass containing alkali ions with an inner surface 4. The discharge vessel 1 contains a filling 
which comprises an inert gas and mercury. The lamp has means 5, in the drawing an 
electrode pair, for maintaining an electric discharge in the discharge vessel 1, in the lamp 
shown, an electrode pair in the discharge vessel 1. The inner surface 4 of the discharge vessel 
5 1 has a coating which serves to counteract transport of mercury from the filling to the wall 3 
of the discharge vessel 1 and of alkali ions from the wall 3 of the discharge vessel 1 to the 
filling. 

For this purpose, the inner surface 4 is coated with a film 6 which at least 
comprises a compound selected from the group formed by trifluorides and oxyfluorides of an 

10 at most trivalent element selected from lanthanides, lanthanum, scandium and yttrium. 

In the case of the lamp shown, the wall 3 is provided, on a side of the film 6 
facing the discharge space 2, with a coating 7 comprising luminescent material: Y2O3 
activated with Eu"^ (YOX), cerium-magnesium-aluminate activated with Tb (CAT) and 
barium-magnesium-aluminate activated with Eu" (BAM). 

15 The film 6 at least comprises a compound selected from yttrium oxyfluoride 

and yttrium fluoride; in the selected lamp use is made of a combination of these substances. 

The film was obtained by applying a solution of 1.25 g yttrium trifluoroacetate 
in 100 ml water, driving out the solvent and heating the discharge vessel, for example for 5 
minutes, to, for example, 500 °C. On the other hand, also solutions in other solvents, such as 

20 ethanol, and more concentrated or less diluted solutions, such as 0.5 to 5% by weight 

solutions, for example 1 to 3% by weight solutions, can be used. Luminescent material was 
applied by providing a suspension of YOX, CAT and BAM in water and subsequently drying 
it. The luminescent material was sintered, whereafter the discharge vessel was evacuated, 
provided with mercury and an inert gas and sealed in a vacuumtight manner. Heating the film 

25 may coincide with sintering the luminescent material. The resultant film had a thickness of 
approximately 10 nm. However, the thickness of the film may also be chosen to be larger or 
smaller, for example at least approximately 1 nm to approximately 50 nm. If the films are 
thinner, there is a risk that the film is not closed, while thicker films only require additional 
material. 
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CLAIMS: 



1 . A low-pressure mercury vapor discharge lamp comprising: 

a discharge vessel (1) which is closed in a gastight manner and which encloses 
a discharge space (2), which discharge vessel has a wall (3) of glass containing alkali ions 
with an inner surface (4); 
5 a fining, which comprises an inert gas and mercury, in the discharge vessel 

(1), and 

means (5) for maintaining an electric discharge in the discharge vessel (1), 
the inner surface (4) of the discharge vessel (1) having a coating which counteracts transport 
of mercury from the filling to the wall (3) of the discharge vessel (1) and of alkali ions from 
10 the wall (3) of the discharge ve ssel (1) to the filling, 

characterized in that the inner surface (4) is coated with a film (6) which 
comprises at least a compound selected from the group formed by trifluorides and 
oxyfluorides of an at most trivalent element selected from lanthanides, lanthanum, scandium 
and yttrium. 

15 

2. A low-pressure mercury vapor discharge lamp as claimed in claim 1, 
characterized in that the wall (3) is provided, on a side of the film (6) facing the discharge 
space (2), with a coating (7) comprising a luminescent material. 

20 3. A low-pressure mercury vapor discharge lamp as claimed in claim 1 or 2, 

characterized in that the film (6) comprises at least a compound selected from 
yttriumoxyfluoride and yttriumtrifluoride. 



PHN 17.778 



6 05.10.2000 

ABSTRACT: 



The low-pressure mercury vapor discharge lamp has a filling of mercury and 
an inert gas, and the glass discharge vessel (1) is provided on the inner surface (4) of the wall 
(3) with a film (6) of trifluoride and/or oxyfluoride of at least one element, which is trivalent 
at most, which is selected from lanthanides, lanthanum, scandium and yttrium. The film (6) 
counteracts transport of mercury from the discharge vessel to the wall (3) and of alkali from 
the wall (3) to the discharge vessel. In this manner, a decrease of the lamp's efficiency (?) 
and of the service life are counteracted. 

Sole Figure 
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